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Выпускная квалификационная работа содержит 115 страниц, 30 рисунков, 24 
таблицы, 51 источник, 2 приложения. 
Ключевые слова: ГИБКИЕ НАСОСНОЕ-КОМПРЕССОРНЫЕ ТРУБЫ, 
РАЗРАБОТКА, КОЛТЮБИНГ, ПРОМЫВКА СТВОЛА СКВАЖИНЫ, ОСВОЕНИЕ 
СКВАЖИН, ЗАКАЧКА АЗОТА, ПРОМЫВКА ПРОППАНТА ПОСЛЕ ГРП. 
Объект исследования. Колтюбинговые технологии. 
Цель выпускной квалификационной работы. Анализ эффективности освоения 
скважин закачкой газообразного азота с использованием установки ГНКТ после ГРП на «А» 
нефтяном месторождении. 
Процесс исследования. Изучение геолого-физических свойств продуктивных пластов 
«А» месторождения, анализ системы разработки пласта АС10 на «А» месторождении, оценка 
технологической эффективности применения гидроразрыва пластов на продуктивный 
горизонт АС10, подбор рекомендуемой технологии освоения скважин на «А» месторождении, 
расчет технологии освоения скважины и ее составных частей. 
Результат исследования. Анализ состояния разработки «А» месторождения и 
результаты исследований проведенных операций по освоению скважин азотированной пеной 
после ГРП с применением ГНКТ показывают отличные результаты; результаты расчета 
технологии освоения скважины с применением ГНКТ и азотом в качестве рабочего агента на 
примере скважины 1 куст 1 «А» месторождения показывают, что данная технология 
применима к этой скважине. 
Теоретическая и практическая значимость работы. Применение ГНКТ для операций 
по освоению скважин азотом позволяет получить в среднем 348 тонн дополнительной добычи 
нефти на каждую скважину, а срок окупаемости проведения данной операции составит всего 
месяц. 
Область применения. Технология может быть применена в освоении скважин на 





В современном мире разработка пластов с хорошими фильтрационно-
емкостными свойствами завершается, остатки углеводородного сырья 
сосредоточились в пластах с низкой проницаемостью и плохой 
гидродинамической связью. Для промышленной эксплуатации такие пласты 
требуют проведения дополнительных операций по интенсификации притока и 
увеличению нефтеотдачи пласта. Наиболее распространённым способом 
увеличения нефтеотдачи пласта является гидроразрыв пласта (ГРП). 
Применение установок с гибкими насосно-компрессорными трубами (ГНКТ) для 
освоения скважин c азотом после проведения ГРП приводит к сокращению срока 
простоя скважины, что способствует дополнительной прибыли. 
Объектом исследования в данной выпускной квалификационной работе 
являются колтюбинговые технологии. 
Предметом исследования является применение установки ГНКТ с 
азотированной пеной для освоения скважин после проведенного гидроразрыва 
пласта «АС10» на «А» месторождении. 
В настоящее время на месторождениях ООО «Б» в месяц проводится 
более 70 ГРП. Качественное освоение скважин после ГРП – важное условие для 
достижения максимальных показателей работы скважины. Наибольший эффект 
от освоения скважин показывает применение установок ГНКТ с азотом, в 
качестве рабочего агента. Поэтому большинство скважин после ГРП осваивается 
бригадами ГНКТ. 
Целью выпускной квалификационной работы является анализ 
эффективности освоения скважин закачкой газообразного азота с 
использованием установки ГНКТ после ГРП на «А» нефтяном месторождении. 
В связи с поставленной целью в работе рассмотрены следующие задачи: 
 изучение геолого-физических свойств продуктивных пластов «А» 
месторождения; 
 анализ системы разработки пласта АС10 на «А» месторождении; 
 оценка технологической эффективности применения гидроразрыва 
пластов на продуктивный горизонт АС10; 
 подбор рекомендуемой технологии освоения скважин на «А» 
месторождении; 
 расчет технологии освоения скважины и ее составных частей. 
Защищаемые положение: 
 результаты расчета параметров технологии освоения скважины на 
программном модуляторе «Цербер»; 
 экономическое обоснование эффективности проведения операции по 




1. Birth of coiled-tubing technology 
Numerous continuous-length tubular service concept trials and inventions 
paved the way for the creation of present day coiled-tubing(CT) technology. The 
following discussion outlines some of the inventions and major milestones that directly 
contributed to the evolution of the continuous-length tubular products used in modern 
CT services. 
The origins of continuous-length, steel-tubing technology can be traced to 
engineering and fabrication work pioneered by Allied engineering teams during the 
Second World War. Project 99, code named "PLUTO" (an acronym for Pipe Lines 
Under The Ocean), was a top-secret Allied invasion enterprise involving the 
deployment of pipelines from the coast of England to several points along the coast of 
France. The 3-in. inside diameter (ID) continuous-length pipelines were wound upon 
massive hollow conundrums, which were used to spool up the entire length of 
individual pipeline segments. The reported dimensions of the conundrums were 60 ft 
in width (flange-to-flange), a core diameter of 40 ft, and a flange diameter of 80 ft. 
These conundrums were designed to be sufficiently buoyant with a full spool of 
pipeline to enable deployment when towed behind cable-laying ships. Six of the 17 
pipelines deployed across the English Channel were constructed of 3-in.-ID steel pipe 
(0.212-in. wall thickness). The 3-in.-ID steel pipelines, described as "Hamel Pipe," 
were fabricated by butt-welding 40-ft lengths of pipe into approximately 4,000-ft 
segments of pipeline. These 4,000-ft segments were then butt-welded together and 
spooled onto the conundrums. A total of 172,000,000 gallons of petrol was reported to 
have been delivered to the allied armies through PLUTO pipelines at a rate of more 
than 1 million gal/D.[1] 
Although the initial development effort of spoolable steel tubulars was reported 
to have occurred in the early 1940s, the first concept developed for use of continuous-
length tubing in oil/gas wellbore services can be found in U.S. Patent 1,965,563, "Well 
Boring Machine," awarded on 10 July 1934 to Clyde E. Bannister.[2] This approach 
utilized "reelable drillpipe," which was flexible enough to be coiled within a basket for 
storage when it was run into or out of the borehole (Fig. 1). This original concept used 
a rubber hose as the drillpipe, with the hose couplings designed to accommodate the 
attachment of two steel cables to provide the axial load support for the weight of the 
hose and bottomhole drilling assembly. The hose-coupling- cable-attachment clamps 
were also designed to allow removal of the steel cables as the flexible drillstring was 
removed from the wellbore. When pulling the flexible drillstring out of the wellbore, 
the separate cable lines were spooled onto drums for storage. 
 
Fig. 1 – Illustration of Bannister well-boring machine (courtesy of SAS Industries 
Inc.). 
 
The reeled drillstring system repeatedly used a bottomhole mud percussor and 
an oscillator (at different times) to drive the bit. In 1935, a total of 4,000 ft of borehole 
was drilled with this system, with a maximum single borehole depth of 2,000 ft.[3] The 
Bannister reelable drillpipe system reportedly became inactive in or about 1940 
because of the lack of suitable downhole motors available. 
The first concept on record for use of continuous-length steel tubing in well-
service work was proposed by George D. Priestman and Gerald Priestman, as seen in 
U.S. Patent 2,548,616, "Well Drilling," awarded 10 April 1951.[4] The patent claimed 
the invention of a reeled, rigid- pipe drilling system in which the steel pipe is spooled 
onto a carrier reel. The reeled drillpipe was proposed to be deployed into the wellbore 
through a series of rollers mounted above the carrier reel, which was also fashioned to 
serve as a pipe bender (Fig. 2). Once the steel pipe was run through the pipe-bending 
device, the pipe was oriented vertically and entered a pipe straightener mounted on the 
wellhead. This straightener was proposed as a series of motor- powered rollers and also 
served as the drive mechanism for deploying and retrieving the drillpipe. 
 
Fig. 2 – Well drilling apparatus (U.S. Patent No. 2,548,616) (after Priestman et 
al.[4]). 
2. Modern coiled tubing technology 
 
The chronology of modern-day steel CT technology development appears to 
begin in the early 1950s with U.S. Patent 2,567,009, "Equipment for Inserting Small 
Flexible Tubing into High Pressure Wells," awarded to George H. Calhoun and Herbert 
Allen on 4 September 1951. The fundamental concepts developed and claimed by 
Calhoun and Allen[5] served as the basis for the vertical, counter-rotating chain tractor 
device, which was upscaled to serve as the design for the first CT injector placed in 
operation. 
This apparatus provided the ability to insert, suspend, and extract strings of 
elongated cylindrical elements (such as tubing) for well-intervention services with 
surface pressure present. A modified version of this device was originally developed 
to enable submarine vessels to deploy a radio communications antenna up to the ocean 
surface while still submerged. Using the Calhoun and Allen concept, Bowen Tools 
developed a vertical, counter-rotating chain tractor device called the "A/N Bra-18 
Antenna Transfer System," which was designed to deploy a 5/8- in. outside diameter 
(OD) polyethylene encapsulated brass antenna from as deep as 600 ft beneath the water 
level. Fabric-reinforced phenolic "saddle blocks" grooved to match the OD of the tube 
were installed as the middle section of the drive chain sets, securing the antenna during 
operations. The antenna was stored on a carrier reel located beneath the antenna 
transfer system for ease of deployment and retrieval. The pressure seal was provided 
by a stripper-type element, which allowed the antenna to penetrate the hull of the 
vessel. The basic principles of this design concept aided in the development of the 
prototype Bowen Tools CT injector system. 
In 1962, the California Oil Co. and Bowen Tools developed the first working 
prototype "continuous-string light workover unit" for use in washing out sand bridges 
in U.S. Gulf of Mexico oil/gas wells (Fig. 3). The original "Unit No. 1" injector was 
designed as a vertical, counter-rotating, chaindrive system built to run a string of 1.315-
in.-OD tubing and operate with surface loads of up to 30,000 lbf. The core diameter of 
the tubing reel was 9 ft and was equipped with a rotating swivel mounted on the reel 
axle to allow continuous pumping down the tubing throughout the workover operation. 
The first full-scale continuous length of CT was fabricated from highly ductile 
40-ksi-yield, low-alloy Columbium steel. This low-alloy Columbium "skelp" was 
reportedly rolled to a thickness of 0.125 in. by the Great Lakes Steel Co. (Detroit, 
Michigan) and then milled into 1.315- in.-OD tubing by Standard Tube Co. (Detroit, 
Michigan). The 50-ft milled tube lengths were butt-welded together using a 
combination tungsten inert gas (TIG) and metal inert gas (MIG) process. The 
assembled tubing string was spooled onto a reel with a 9-ft core diameter to a total 
length of 15,000 ft and then subjected to numerous bending and loading cycles. The 
performance of this tubing string and CT unit was tested in several wells (located inland 
and offshore of south Louisiana) in the early to mid-1960s. The services performed by 
this original CT unit included sand washing and fishing a storm choke out of the 
existing completion tubing.[6] 
 
 
3. Coiled Tubing аpplications 
 
There are numerous well-intervention applications that are performed using CT 
services. The advantages of CT include: 
 Deployment and retrievability while continuously circulating fluids. 
 Ability to work with surface pressure present (no need to kill the well). 
 Minimized formation damage when operation is performed without killing the 
well. 
 Reduced service time as compared to jointed tubing rigs because the CT string 
has no connections to make or break. 
 Increased personnel safety because of reduced pipe handling needs. 
 Highly mobile and compact. Fewer service personnel are needed. 
 Existing completion tubulars remaining in place, minimizing replacement 
expense for tubing and components. 
 Ability to perform continuous well-control operations, especially while pipe is 
in motion. 
 However, there are several disadvantages to CT operations. 
 CT is subjected to plastic deformation during bend-cycling operations, causing 
it to accumulate fatigue damage and reduce service life of the tubing string. 
 Only a limited length of CT can be spooled onto a given service reel because of 
reel transport limitations of height and weight. 
 High pressure losses are typical when pumping fluids through CT because of 
small diameters and long string lengths. Allowable circulation rates through CT are 
typically low when compared to similar sizes of jointed tubing. 
 CT cannot be rotated at the surface to date. However, interest in rotating CT has 
been high in recent years, and several companies are actively designing equipment that 
will allow rotating of CT. 
The most common CT well-intervention and drilling applications involve 
issues related to sand cleanouts or solids-transport efficiency. The process of cleaning 
sand or solids out of a wellbore requires pumping a fluid down into the well, entraining 
the solids into the wash fluid, and subsequently carrying the solids to the surface. In 
most cases, the wash fluids and solids are captured in surface return tanks with 
sufficient volume to allow the solids to settle out of the fluid. Where practical, the 
cleanout fluids are recirculated in the wellbore, thereby optimizing the cleanout 
program economics. One of the most important concerns in designing a solids cleanout 
program is the correct selection of the circulated fluid system. 
 
 
4. Post-fracture bottom hole cleaning from proppant plugs using coiled 
tubing 
 
Urengoy oil-gas condensate field is at the final development stage characterized 
by reservoir depletion and reservoir pressure decline [7, 8]. 
To stabilize the production of raw hydrocarbons at Urengoy field it is 
stimulated by using hydraulic fracturing. Hydraulic fracturing is performed at gas, gas 
condensate and oil wells in Bolshoi Urengoy, where upon the completion of works it 
becomes necessary to ensure good bottom hole cleaning, i.e. to remove the proppant 
plug from the well bore. In accordance with the operating procedures adopted at 
Urengoy filed, the hydraulic fracturing is carried out predominantly by underflashing 
the proppant into the formation; in other words by leaving the proppant in the 
perforation interval and above it [9]. Bottom hole cleaning in oil wells located at the 
margins of the field - at so- called oil rims - present special difficulties. There is 
considerably less reservoir energy here than in the central areas where gas and gas-
condensate wells are located. 
In such challenging geotechnical conditions the choice of the bottom hole 
cleaning technique and its efficient implementation greatly influence the outcome of 
the hydraulic fracturing. In addition to that, good flushing of the oil well can have an 
impact on timely (scheduled) or premature putting out of operation of the downhole 
equipment, and centrifugal pumps in particular. 
* In accordance with the operating procedures adopted at Urengoy filed, the 
hydraulic fracturing is carried out predominantly by underflashing the proppant into 
the formation; in other words by leaving the proppant in the perforation interval and 
above it. 
In the field, bottom hole cleaning can be carried out using one of the following 
4 methods [10]: 
 bottom hole cleaning by drilling out the proppant plug using milling tool arrays; 
 washing-out of the proppant plug by circulating the well killing fluid; 
 bottom hole cleaning using hydrostatic bailer arrays; 
 bottom hole cleaning using coiled tubing units with various hoisting capacities. 
The first two methods are applied in case of fairly high reservoir pressures 
(preventing lost circulation), most often in gas or gas-condensate wells. Due to the 
continuous reservoir pressure decline when clogging of the newly created fracture 
during milling or circulation of the well killing fluid is not acceptable, because it 
inevitably leads to the reduction or total loss of the hydraulic fracturing effect; the last 
two methods of bottom hole cleaning from the proppant plug has become most widely 
spread. 
Bottom hole cleaning using hydrostatic bailer arrays is mainly performed at oil 
wells [11], and coiled tubing-based arrays are used at gas-condensate fields [12]. 
Coiled tubing-based arrays are used due to hydraulic fracturing being performed in 
protector-type wells when the X-mass tree cavity is covered by the protector [13]. 
** When the last proppant slugs are squeezed into the post- frac fracture a 
rubberized proppant is used to ensure better fracture propping and to avoid its 
structural damage in future. 
As a rule, at the final stage of hydraulic fracturing the proppant plug is 
compacted and a high-density cake is formed at the wellbore wall. In addition, when 
the last proppant slugs are squeezed into the post-frac fracture a rubberized proppant is 
used to ensure better fracture propping and to avoid its structural damage in future. 
Therefore, due to the proppant plug being in a compacted state and at the same time 
containing rubberized materials the breaking of such plug and the subsequent 
transportation of the broken pieces to the daylight surface is associated with significant 
difficulties [14]. 
That’s why running the hydrostatic bailer array in and out of the hole after the 
hydraulic fracturing does not always bring positive outcome - the bailer comes out 
empty and there’s no visible descent of the tool. 
To avoid no-load running of the tool during bottom hole cleaning it is necessary 
to mill the proppant cake beforehand with the subsequent removal of the proppant with 
the hydrostatic bailer which increases the duration and costs of the works [15, 16]. 
To eliminate failures of hydrostatic bailer arrays in oil wells coiled tubing 
arrays are used. The use of such arrays despite their complexity and lower efficiency 
in oil wells compared to hydrostatic bailer arrays ensures nevertheless lower likelihood 
of tool jamming, allows using less process fluid, prevents loss of well-killing fluid 
circulation and ensures best preservation of residual permeability of the fracture. 
The bottom hole cleaning operation to remove the proppant using a coiled 
tubing unit is usually performed in one round trip. But at the same time proppant 
flushing at gas and gas-condensate wells differs from the technique used for similar 
purposes at oil wells. This difference is due to the capability of gas and gas-condensate 
wells to create additional carryover energy on account of bringing the well to 
independent production after drilling-in and well stimulation. That is why at those 
wells, flushing of the proppant plug is carried out by injecting a mixture of nitrogen 
and air with foam-forming liquid into the coiled tubing using one SDA-20/251-type 
compressor unit and a cementing unit. 
*** Flushing of the proppant plug is carried out by injecting a mixture of 
nitrogen and air with foam-forming liquid into the coiled tubing using one compressor 
unit and a cementing unit. 
At oil wells, coiled tubing-assisted bottom hole cleaning is performed only after 
negative outcome of using conventional bottom hole cleaning techniques. The reason 
for its exclusive use lies in the impossibility to create additional carryover energy at 
the oil well and to transport the proppant to the daylight surface. Performance of the 
proppant flushing operation requires a large pool of compressing machinery and its 
smooth running. Additionally, to ensure good carryover of the proppant an 
uninterrupted supply of the mixture of nitrogen and air into the annular space is 
necessary throughout the whole process. That is why the ascending velocity of the 
proppant particles in the oil well is calculated based on a 1.5-2-fold excess ratio of the 
settling rate of the largest proppant particles and not on an equal ratio as in the case of 
a gas or gas- condensate well. 
For example, during bottom hole cleaning in the oil well No.6614 at Urengoy 
field to ensure better injection rate two gas injection units were used at the same time 
to supply gas into the annular space and two SDA- 20/251-type compressor units were 
used to supply the nitrogen-air mix into the coiled tubing (see Fig. 3). 
Bottomhole cleaning using coiled tubing. 
 Fig. 3 – Process flow diagram of coiled tubing- assisted bottom hole cleaning 
to remove the proppant from the well 
1 - Supply to the annular space; 2 - Supply of nitrogen, foam-forming liquid, 
hi-vis slugs (after achieving stable operation to ensure better plug washout - only 
supply of FFL to the CT); 3 - Reservoir energy 
 
Meanwhile a cementing unit is used to ensure uninterrupted supply of foam-
forming liquid with periodic squeezing of hi-vis slugs. The whole process is 
accompanied by continuous reciprocating of the coiled tubing array in the well to 
prevent tool jamming and to increase the efficiency of bottom hole cleaning. 
It should also be noted that during coiled tubing- assisted bottom hole cleaning 
operations additional time and resources are required for hookup, setting up of a 
temporary flare line and banking. Taking into consideration the mobilization of the 
coiled tubing unit and the considerable resources of the compressing machinery pool, 
this technique at present is more costly than using a hydrostatic bailer array. 
Conclusion. At the oil wells of Urengoy field only two post-frac bottom-hole 
cleaning techniques has become widely spread - hydrostatic bailer arrays and arrays 
lowered in the hole using coiled tubing. Notably coiled tubing arrays are used after the 
negative outcome of conventional bottom hole cleaning techniques. 
In future with the introduction of cryogenic systems the use of the coiled 
tubing-assisted bottom hole cleaning technique will become more and more widely 
spread at the wells of Urengoy field and even more so if a solution is found to the issue 
of hanging the hydrostatic bailer onto coiled tubing. 
 
 
5. Well development using a coiled tubing rig at OJSC Tatneft 
 
The need to restore the reservoir properties of a bottom-hole area which 
deteriorated during drilling and operation of the well as a result of the penetration of 
the clay mud or process fluids into the formation pores, and post-fraccing removal of 
the loose proppant particles while preserving the maximum permeability of the fracture 
require improving the methods and techniques of well washing and development. 
One of the most efficient methods of well development is to create draw down 
pressure where the liquid-gas mixture is pumped through the well via coiled tubing 
with the circulation outlet along the casing annulus. This technology successfully 
combines advantages of the washing and concurrent well development. 
It is commonly known that well development with foam injection via coiled 
tubing has certain advantages over development with inert gas injection via production 
tubing using a compressor. When developing a well by means of foam using a coiled 
tubing rig, it is not required to install gas-lift valves. The necessary pressure drawdown 
is ensured by lowering the coiled tubing into the production tubing with concurrent 
pumping of the liquid-gas mixture via the coiled tubing. 
The technological essence of foam-based well development lies in the fact that 
by gradually decreasing the liquid density inside the well the bottom hole pressure 
drops below the formation pressure and conditions are created for the influx of the fluid 
from the formation. The foam density can be changed within a wide range which is 
achieved by changing the degree of aeration, therefore, stimulation may be performed 
smoothly without subjecting the pay formation, the cement column and the production 
casing to excessive drawdown. 
At OJSC Tatneft the technology for well testing by means of foam injection 
(RF patent N. 2451172) was implemented using a coiled tubing rig (4) (see Fig 4). 
Well development by foam injection was based on the consecutive use of cycles 
of injection of aerated surface- active substance and acid treatment. 
The main objectives of such technique are to ensure most efficient development 
of wells using foams and to prevent rapid drop of the bottom-hole pressure in order to 
avoid damage to the integrity of the cement column behind the production casing and 
destruction of the bottom-hole formation zone. 
When implementing this technique the task was to ensure development of the 
well using foam with the specific density with the possibility to control the magnitude 
of the pressure drawdown when developing the well and to efficiently develop the 
formation with the contaminated bottomhole area. Moreover, promptness, reliability 
and ease of process control was ensured within a wide range of bottomhole pressure 
changes. 
To prepare the foam-forming solution, the water solution of a surface-active 
substance was used - a foaming agent with a concentration of 1.0% mass fraction (101 
per 1 m3) for fresh water and a concentration of 1.0 to 1.5% (from 10 to 151 per m3) 
based on formation water. 
The required volume of the process fluid for the preparation of the SAS solution 
was determined by summing the volumes of the coiled tubing and the annular space 
between the tubing string and the coiled tubing at the maximum intended CT setting 
depth and at least 6 m3 to ensure circulation of the solution through the holding tank. 
This technology was implemented at OJSC Tatneft’s wells according to the 
scheme shown on the picture. 
 Fig. 4 - Diagram of well development using coiled tubing 
 
The tubing string (2) was lowered into the well (1). 
Then, the coiled tubing (3) was lowered inside the tubing string (2) using a 
special-purpose coiled tubing rig (4) not lower than the bottom edge (2') of the tubing 
string (2). After that, the gas-compressor plant (5) was connected to the wellhead along 
with the tank (6) filled with pre-made process fluid of the estimated volume. The 
process fluid was prepared as the water solution of a surface-active substance. 
Next, using a pump and a compressor on board of the gas-compressor plant (5), 
the process fluid was aerated, the gas-compressor plant was brought to a testing mode 
obtaining a stable foam system. After that, the aerated SAS solution (the stable foam 
system) was pumped through the coiled tubing (3) filling the interior space of the 
tubing string (2). This resulted first in displacement of the borehole fluid located in the 
interior space of the tubing (3) and the annular space (7), to the holding tank (8) and its 
replacement with the aerated SAS solution; the pressure drawdown decreased (9) and 
the inflow from the formation (9) was induced. 
During well (1) stimulation in the formation (9), the decrease of the pressure 
drawdown (9) was regulated by the setting depth of the CT (3) in the tubing string (2); 
and the deeper the CT (3) was set in the tubing string (2), the stronger the pressure 
drawdown (9) was formed and the opposite is also true - the higher the coiled tubing 
(3) was in the tubing string (2), the lower was the pressure drawdown. 
The magnitude of the pressure drawdown (9) created during the stimulation 
was determined experimentally depending on the geotechnical conditions after which 
the compressor was switched off and using the pump of the gas-compressor plant (5) 
the bottom (10) of the borehole (1) was flushed with process fluid. If there was influx 
from the formation (9), the influx-production characteristics of the well were 
determined using any known method, e.g., with a flow meter. 
If there was no influx from the formation (9) into the well (1), the bottomhole 
formation zone was treated by injecting an acid solution of the estimated volume 
depending on the thickness of the formation (9). To that effect the discharge line (11) 
of the gas-compressor plant (5) was disconnected from the coiled tubing rig (4) to 
which the delivery line of the acid pumping unit was connected (as shown on the 
picture) shutting off the annular space (7) between the production tubing (2) and the 
coiled tubing (3) using a damper. 
The bottom of the coiled tubing (3) was mounted opposite the base of the 
perforation interval of the treated formation (9). Then the formation (9) underwent a 
cycle of acid treatment comprising a sequential injection of 1/3 of the total volume of 
hydrochloric acid and 2/3 of mud acid through the coiled tubing with process-fluid 
overflushing. In other words, hydrochloric and mud acids were sequentially injected 
using an acid pumping unit correspondingly in 1/3 and 2/3 parts of the total volume of 
the acid composition which was overflushed using process fluid. 
The concentration and the composition of the hydrochloric and mud acids were 
taken in any known proportion used when treating the bottomhole formation zone (9). 
Then followed a technical pause necessary for maximum efficiency of the acid 
treatment and the coiled tubing (3) was pulled up to the production string inlet (2) into 
the required interval. 
Then the delivery line of the acid pumping unit was disconnected from the 
coiled tubing rig (4) and the discharge line (11) of the gas-compressor plant (5) was 
connected. 
After that, the cycle of injection of the aerated SAS solution and acid treatment 
was repeated as described above an estimated number of times, usually, from 3 to 5 
cycles. The volumes of injection of the aerated SAS solution and acid treatment in each 
cycle were determined experimentally. 
The pilot tests of the well development technique using UNG 8/15 booster plant 
were run at five wells of Yelkhovneft Oil and Gas Production Administration, OJSC 
Tatneft. 
The main production targets at those wells include Kynovian, Pashian and 
Tournaisian horizons. 
The parameters of the working mode of development were as follows: the 
process fluid was supplied at 4 to 2 L/sec (the fluid volume in the foam) at each setting 
depth of the CT in the tubing string at a constant gas flow rate of 4.8-5.5 kg/min. The 
wellhead pressure was within 2-12 MPa. 
 
Table 1 - Pilot test results 
Well No. Horizon 
 
Stimulation 
interval depth, m 
Setting and stepwise 
setting depth of coiled 






1325 Kyn+Pash 1645.2 1150, 1350, 1560 60 / 38 success 
3275 Kyn+Pash 1767.6 1300, 1500, 1700 60 / 38 success 
773 Kynovian 1726.4 1287, 1487, 1687 60 / 38 success 
8291 Tournaisian 1477 1085, 1285, 1485 73 / 38 success 
745 Pashian 1864 1365, 1615, 1865 73 / 38 success 
 
The table 1 shows the main technological parameters of the pilot tests. 
As the Table 1 shows, development by injecting a gas-liquid mixture at all wells 
proved to be successful. The initial setting depths of the lower end of the coiled tubing 
string were at approximately 450-500 meters above the pay top. The CT stepwise 
setting interval was 200 m. After completing the cycle of well development, a cycle of 
acid composition injection was undertaken. Then the reaction products were flushed 
out of the well.  
Conclusions: 
Well development by creating pressure drawdown allows developing a well 
using a stable gas-liquid mixture (a stable foam system) with the estimated density 
prepared at the wellhead with the possibility to control the pressure drawdown during 
the development process by changing the CT setting depth and allows increasing the 
efficiency of development of reservoirs with a contaminated bottomhole formation 
zone by changing the magnitude of drawdown. 
Well development by injecting foam allows excluding or minimizing the 
penetration of the process fluid into the formation during development while the foam 
being a viscoplastic elastic system ensures a more gradual decrease of the bottomhole 
pressure when the required drawdown is achieved. 
Testing of this technique produced positive results and it was recommended for 




По результатам проделанной работы можно сделать следующие выводы: 
 Анализ состояния разработки месторождения «А» и результаты 
исследований проведенных операций по освоению скважин азотированной 
пеной после ГРП с применением ГНКТ показывают, что на 35% скважин с 
начальным дебитом 10 м3/сут, его значения становятся выше 60 м3/сут, а в 
остальных случаях от 20 до 60 м3/сут. Это свидетельствует об их хорошем 
качестве. 
 Результаты расчета технологии освоения скважины с применением ГНКТ 
и азотом в качестве рабочего агента на примере скважины 1 куст 1 
месторождения «А» показывают, что данная технология применима к этой 
скважине. 
 Применение ГНКТ для операций по освоению скважин азотом позволяет 
получить в среднем 348 тонн дополнительной добычи нефти на каждую 
скважину, а срок окупаемости проведения данной операции составит всего 
месяц. 
Из всего вышеперечисленного можно сделать вывод, что данная 
технология – это хорошая альтернатива обычным станкам КРС, которые не во 




В первой главе описана общая геолого-физическая характеристика 
нефтяного месторождения «А»:  
 Географическое положение (Месторождение «А» находится в центральной 
части Западно-Сибирской равнины. В административном отношении 
месторождение расположено в Ханты-Мансийском районе Ханты-Мансийского 
автономного округа Тюменской области РФ) 
 История освоения района (месторождение «А» введено в разработку в 1988 
году) 
 Геолого-физическая характеристика продуктивных пластов 
(Промышленная нефтеносность установлена в неокомских пластах группы АС, 
где сосредоточено 90 % разведанных запасов) 
 Свойства пластовых жидкостей и газов (Нефть пласта АС10 месторождения 
«А» находится в условиях высоких давлений (24 – 25,6 МПа) и температур (88 - 
89 Сº). Давление насыщения намного ниже пластового и составляет 10,7 МПа. 
Нефти пласта относятся к маловязким, вязкость в пластовых условиях составляет 
1,2 мПа·с. По плотности нефти относятся к средним, ее значения составляют 876 
кг/м3) 
 
Во второй главе произведен анализ системы разработки месторождения 
«А»: 
 Анализ показателей разработки объекта АС10 месторождения «А» (Объект 
АС10 находится в стадии разработки и интенсивно разрабатывается: происходит 
нарастание добычи нефти, этот показатель достиг 120,8 тыс. т/ месяц; низкая 
обводненность продукции (28,7 % на 01.02.2010 г., 19,4 % на 01.01.2014 г.). По 
состоянию на 01.01.2014 г. из объекта добыто 2189,3 тыс.т нефти и 2549,3 тыс. т 
жидкости. Закачано 2456,3 тыс. т воды. Компенсация текущая и накопленная 
составила соответственно 67,9 % и 78,5 %. Текущее значение коэффициента 
нефтеизвлечения составляет 1,32 %) 
 Анализ показателей работы фонда скважин (Основным способом 
эксплуатации является ЭЦН (около 92% фонда), что обеспечило 97% добытой 
нефти. Фонтаном работает около 2% скважин, за счет чего добыто всего 0,2% 
общей нефти. Остальная нефть (3%) добыта 6% скважин, оборудованных ШГН) 
 Анализ выполнения проектных решений (Проектные показатели 
утверждены в протоколе ЦКР РФ №2457 от 20.10.1999 г. При расчете КИН 
использовались запасы месторождения «А» категорий С1 и С2) 
 
В третьей главе рассмотрена технология освоения скважин после 
гидроразрыва пласта с применением гибких насосно-компрессорных труб: 
 Эффективность применения технологии гидроразрыва пластов на 
продуктивный горизонт АС10 (Гидроразрыв пласта (ГРП) является одним из 
наиболее эффективных методов интенсификации добычи нефти из 
низкопроницаемых коллекторов и увеличения выработки запасов нефти) 
 Выбор рекомендуемой технологии освоения скважин на месторождении 
«А» (Оптимальной технологией освоения скважин после ГРП, позволяющей 
максимально эффективно очистить скважину от механических примесей и 
проппанта явилось применение гибкой трубы с азотом в качестве рабочего 
агента) 
 Расчет технологии освоения скважины и ее составных частей (Расчёт 
гидравлических потерь напора при промывке забоя от песка на скважине 1 
месторождения «А») 
 
В четвертой главе рассмотрен финансовый менеджмент, 
ресурсоэффективность и ресурсосбережение при использовании колтюбинговых 
технологий для освоения скважин азотом после гидроразрыва пласта: 
 Обоснование эффективности проведения операции по освоению скважин 
с применением гибких насосно-компрессорных труб (приводится расчет 
экономической эффективности проведения операции по освоению десяти 
скважин азотом после ГРП с применением ГНКТ на месторождении «А») 
 Анализ чувствительности проведения операций по освоению с 
применением гибких насосно-компрессорных труб к риску (при заданной 
вариации параметров, значения ЧТС остались в положительной области, а 
значит, проект не чувствителен к риску) 
 
В пятой главе рассмотрена социальная ответственность при 
использовании колтюбинговой установки для промывки забоя азотированной 
пеной после гидроразрыва пласта: 
 Профессиональная социальная безопасность (Анализ вредных 
производственных факторов и обоснование мероприятий по их устранению. 
Анализ опасных производственных факторов и обоснование мероприятий по их 
устранению) 
 Экологическая безопасность (Защита почвенной экосистемы. Защита 
атмосферы. Защита гидросферы. Защита литосферы) 
 Безопасность в чрезвычайных ситуациях (Порядок действий при прихвате 
ГНКТ) 
 Особенности законодательного регулирования проектных решений 
(Основные обязанности оператора ГНКТ. Условия работы) 
 
 
 
